could be produced in rats by levels of exposure that were appreciably less than those that had previously occurred in industry.4 Steps were therefore quickly taken in the mid-1970s to reduce the extent to which individuals could be exposed from levels of the order of several hundred ppm to 5 ppm (13 x 106 ngm/m3) or less.5 This reduction followed
The idea that vinyl chloride might cause cancer was first suggested by Viola in 1970 as a result of experiments in rats.' This was subsequently confirmed by Maltoni in 1973 with his comprehensive series of experiments in rats, mice, and hamsters.2 Among the tumours that developed in these animals was the normally rare angiosarcoma of the liver (ASL). It was not, however, until three cases of ASL were observed in men who had been heavily exposed to vinyl chloride in a polyvinyl chloride (PVC) polymerisation plant in the United States that the reality of the hazard was generally accepted.3 ASL is normally so rare that only three or four cases occur each year in the whole of Britain (see below) so that the occurrence of three cases in a small group of industrial employees in the United States was, in itself, sufficient to justify the belief that the chemical caused the disease. If, however, any doubt has persisted it was soon dispelled by the steady accretion of new industrial cases and the finding that angiosarcomas and various other tumours could be produced in rats by levels of exposure that were appreciably less than those that had previously occurred in industry.4 Steps were therefore quickly taken in the mid-1970s to reduce the extent to which individuals could be exposed from levels of the order of several hundred ppm to 5 ppm (13 x 106 ngm/m3) or less.5 This reduction followed Received 25 February 1985 Accepted 25 March 1985 an earlier lowering of exposure levels in the mid-1960s after concern was expressed about the narcotic effects of vinyl chloride and the risk of it producing acroosteolysis. Before then exposure to some employees was often in the range of several thousand ppm. The rarity of ASL, even under conditions of heavy exposure, has made it difficult to study its epidemiological characteristics6 and it seemed, therefore, that it might be of value to summarise the data that have been recorded in the register of cases that has been maintained by Imperial Chemical Industries plc on behalf of the Association of Plastics Manufacturers in Europe (APME). This tabulates information about all the cases of ASL known to have occurred in men exposed to vinyl chloride that have been reported by individual manufacturing companies, trade associations, and occupational health organisations in Europe, North America, and Japan. The register is, doubtless, incomplete. It includes, Further cases must also be expected to occur 35 or more years after first exposure but it is, as yet, virtually impossible to estimate the number to be expected with any precision. It could, however, easily be around 50. We suggest, therefore, that it should be assumed that there will be another 200-250 deaths from vinyl chloride related ASL over the next 30 years. This estimate is in pronounced contrast with that calculated by Nicholson et al who suggest that "within a factor of 2 or 3" there will eventually be a total of 350 deaths from vinyl chloride related ASL in the United States and 1200 in Western Europe alone. 8 Nicholson et al used a complex model to deduce these figures based on the assumption that the incidence of ASL at any point in time increases in proportion to (i) the first power of the product of the population at risk and the degree of exposure and (ii) a higher power (most probably the third) of the time since exposure first occurred.8 Knowledge of the distribution of cases recorded by the National Institute of Occupational Health and Hygiene (1982) by year of first exposure and year of occurrence, the amount of vinyl chloride produced, estimated average exposures at work at different periods from before 1950 to 1970-4, and normal national mortality rates allowed them to make approximate estimates of the variables in these equations and hence to calculate the number of cases that might be expected to occur in the future.
Only time will show which of the two methods will give the better estimate of the number of cases that will eventually be observed. We are encouraged, however, to think that the lower estimate may be the nearer as the method of Nicholson et al predicted an increase in the annual number of cases after 1979, whereas the number recorded to date has declined from an average of 9 2 in 1975-9 to an average of 6-8 in 1980-4. The latter figures will, however, almost certainly, be revised upwards in the course of the next few years owing to delayed reporting.
